An adverse lipid profile is a major risk factor for atherosclerosis. This study evaluated the lipid profiles of 683 schoolchildren aged 10 to 13 years. The prevalence of both high LDL and high total cholesterol levels was significantly (p < .001) higher in private schoolchildren than in public schoolchildren. There were no significant differences in the prevalence of high triglyceride levels among the schoolchildren. Mean total cholesterol and LDL cholesterol levels were significantly higher in children whose parents had completed over 11 years of schooling. Private schoolchildren were more sedentary and tended to have a more atherogenic diet. Our data suggest that prevention programmes in primary schools are required to decrease the prevalence of cardiovascular risk factors, including abnormal lipid profiles.
Introduction
The clinical consequences of coronary artery disease show up later in life; however, the mechanisms leading to atherosclerosis are clearly present in childhood [1, 2] . Aortic fatty streaks occur in children as young as 3 years [3] , and coronary fatty streaks occur in more than half of children aged 10 to 14 years [4, 5] . Approximately 8% of children aged 10 to 14 have more advanced lesions [4, 5] .
Elevated serum lipid levels, particularly low-density lipoprotein (LDL) cholesterol and triglycerides, promote the development of atherosclerosis and are a major cause of coronary artery disease. The Bogalusa Heart Study, the Muscatine Study, and the CARDIA Study have shown that cholesterol measurements obtained in childhood are predictive of adult levels of total and LDL cholesterol [1, 2, [6] [7] [8] . About 25% to 70% of adult cholesterol variability has been explained by childhood levels [6, 7] .
Overweight, low physical activity, high saturated fat intake, and cigarette smoking cause unfavourable alterations in plasma lipids [1, 2, 8] . Avoidance of these factors in the early years is essential to prevent an adverse lipid profile in later years. This is vital in Costa Rica, where coronary artery disease is the main cause of death [9] .
The aim of this study was to determine the plasma levels of cholesterol, lipoproteins, and triglycerides in 10-to 13-year-old elementary schoolchildren from the urban area of San José.
Methods

Sample
The lipid profiles of 10-to 13-year-old schoolchildren from the urban area of San José, Costa Rica were evaluated. In order to study children independently of the kind of school they attend (public or private), we decided to work with an equal number of children from both groups (n = 324 for each). From the 700 eligible children, those who were not authorized by their parents to participate in the study (2%) and those who had a disease that could affect serum lipoprotein levels (0.5%) were eliminated from the study. The total sample consisted of 683 children from 16 elementary schools: 52% from public schools and 48% from private schools. In each school, 42 children (21 boys and 21 girls) were selected randomly from the fourth to the sixth grades. Written consent was obtained from the parents and the children.
Biochemical measurements
After a 12-hour fast, a blood sample was taken from Rafael Monge, Ileana Holst, Francisco Faiges, and Alejandra Rivero an antecubital vein using vacutainer tubes (Becton Dickinson). Serum was obtained by centrifugation at 6,000 rpm for 5 minutes at 25° C. High-density lipoprotein (HDL) cholesterol was separated by using a phosphotungstic acid/Mg 2+ reagent (Randox, England) and centrifuged at 3,000 rpm for 15 minutes. The colourimetric reaction was determined in a Gilford spectrophotometer Stasar III at 505 nm and 37°C. Total plasma cholesterol, triglycerides, and glucose were determined by enzymatic methods (Wiener) using an automatic analyser ASCA (LSI Instruments) at 505 nm and 37°C. LDL cholesterol was calculated by the equation of Friedwald et al. [10] . The respective intra-assay and inter-assay coefficients of variation were 2.7% and 4.2% for total plasma cholesterol, 7.8% and 18.8% for HDL cholesterol, 3.9% and 6.9% for triglycerides, and 2.1% and 4.0% for glucose. To control for the variability in the measurements of HDL cholesterol and of other biochemical indicators, internal quality control with bovine normal and elevated serum (Randox, England) was performed. In the cases in which the samples exceeded ±2 SD, the average value of the control, the samples were analysed again. Total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride concentrations were classified according to the guidelines of the Expert Panel on Blood Cholesterol Levels in Children and Adolescents [8] .
Instrument and data collection
All data were collected during three consecutive months. Overweight was estimated by using the body mass index (BMI) (weight/height 2 ). Weight was measured without shoes or heavy outer clothing. Height was measured with the student shoeless and facing away from the scale. Standing height was measured to the nearest 0.1 cm, and weight was measured to the nearest 0.1 kg. Independent duplicate measurements were obtained for height and weight, and the average of two readings, required to be within ±0.5 cm or 0.5 kg, respectively, was used in data analysis.
Children with BMI at or above the 85th percentile but below the 95th percentile were considered overweight, as suggested by the World Health Organization Expert Committee [11] . In the absence of other data specifying optimum cut-off values for BMI in children, the BMI for age data for US children were used, as recommended by the WHO Expert Committee [11] .
Parental educational level and family history of premature coronary artery disease were determined by a previously validated 10-question multiple-choice test developed for this study [12] . Questions regarding family history of premature coronary artery disease and parental education were given to the children to take home and answer with parental assistance.
Dietary patterns were determined by previously self-administered food-frequency questionnaires. The questionnaires listed 50 food items in 11 food groups of 3 to 8 foods each. Physical activity patterns were determined by a previously validated 15-question multiple-choice test [12] .
Statistical analysis
Data were examined with SPSS for Windows with the use of analysis of variance as appropriate for continuous variables and the chi-square test for categorical data. Multiple regresssion analysis was used to develop models with the different lipids as dependent variables. After univariate relationships between variables had been examined, multivariate stepwise models were initially used to identify which of the correlated variables provided the best model with a particular dependent variable. Collinearity was minimized by this approach, and correlation coefficients between independent variables included in the regression models did not exceed 0.3. Differences with p < .05 were considered significant. Table 1 shows the distribution of the study population. All students were of the same ethnic background (mestizo). Their mean age was 11.2 ± 1 years. The prevalence of overweight children was similar in both groups (31%). Children from private schools spent more time watching television than children from public schools (p = .000). Children from both types of school spent an average of about two hours a day in physical activity (p > .05). Parents of children in private schools had an average of about five more years of education than parents of children in public schools (p = .000). 
Results
Biochemical levels
Boys and girls had similar mean levels of total cholesterol, HDL cholesterol, and LDL cholesterol (table 2) . Girls had significantly higher triglyceride levels than boys (1.11 and 1.01 mmol/L, respectively; p = .0336). Boys from public schools had significantly lower mean values of total cholesterol and LDL cholesterol than boys from private schools (p < .01). Boys from public schools had significantly higher plasma triglyceride levels (p = .0045). The mean values of LDL cholesterol, HDL cholesterol, and triglycerides were similar for girls from public schools and for girls from private schools. However, girls from private schools had higher mean levels of total cholesterol than girls from public schools (4.68 and 4.42 mmol/L, respectively; p = .0019). Table 3 shows the mean levels of serum lipids for schoolchildren according to the parents' educational level. Mean total cholesterol and LDL cholesterol were significantly higher in children whose parents had completed at least 11 years of schooling. There were no significant differences between the groups in HDL cholesterol and total cholesterol levels. Table 4 provides the classification of plasma lipids for elementary schoolchildren based on the guidelines of the National Cholesterol Education Program. The prevalence of borderline levels of total cholesterol (4.42-5.17 mmol/L) was significantly greater in boys (39%) than in girls (30%; p = .016). Likewise, the prevalence of high total cholesterol levels was significantly greater in private schoolchildren than in public schoolchildren (p < .001).
The prevalence of borderline levels of LDL cholesterol was similar in private and public schoolchildren (about 26%). However, the prevalence of high levels of LDL cholesterol was greater in children from private schools than in children from public schools (33% and 19%, respectively; p = .000). There were no significant differences between boys and girls. More than 30% of elementary schoolchildren had HDL cholesterol levels below 1.17 mmol/L together with LDL cholesterol levels above 2.86 mmol/L. Four percent had HDL cholesterol levels below 0.91 mmol/L together with LDL cholesterol levels above 3.38 mmol/L.
Among boys the prevalence of borderline levels of triglycerides was greater for public schoolchildren (30%) than for private schoolchildren (17%; p = .014). There was no significant difference between girls from public and private schools in the prevalence of borderline levels of triglycerides.
Around 30% of the children had triglyceride levels above 1.02 mmol/L together with HDL cholesterol levels below 1.17 mmol/L. Six percent had triglyceride levels above 1.47 mmol/L together with HDL cholesterol levels below 0.91 mmol/L. Fifteen percent had at the same time triglyceride levels above 1.02 mmol/L, HDL cholesterol levels below 1.17 mmol/L, and LDL cholesterol levels above 2.86 mmol/L.
Multiple regression analysis
BMI is related to triglyceride levels (p = .000) and accounts for 84% of the variance. BMI is also related to HDL cholesterol levels (p = .0094) but accounts for only 9% of the variance. The kind of school attended (public vs private) is related to levels of total cholesterol (p = .002) and triglycerides (p = .013) and accounts for between 10% and 23% of the variance. Father's educational level is related to HDL cholesterol (p = .005) and LDL cholesterol (p = .004) and accounts for 9% to 12% of the variance. No other variable was a significant predictor of serum lipids. Table 5 shows the frequency of intake of different types of food by the children. A higher percentage of private schoolchildren than public schoolchildren consumed fruits, vegetables, and carbonated beverages three or more times per week (p < .01). Likewise, a higher percentage of private schoolchildren (p < .05) ate fast foods one to two times per week. The intake of junk food (chocolate bars, candies, biscuits, potato chips, and cornflour snacks) tended to be higher, but not significantly so, among public schoolchildren. Palm oil was consumed significantly more often by public schoolchildren than by private schoolchildren (30% and 5%, respectively; p = .000). The reverse was found for consumption of soya oil (90% and 66%, respectively; p = .000). 
Food patterns
Discussion
The presence of risk factors for coronary artery disease, previously identified in older subjects, is also related to the extent of lesions at an early age [5, 11] . The Bogalusa Heart Study suggested that more than 70% of the children with an adverse lipid profile tend to remain that way as young adults. This tracking phenomenon is important, because it allows the possibility of early identification of individuals at high risk for coronary artery disease. In this regard, the tendency observed in the lipid profile of Costa Rican schoolchildren is worrisome. It appears particularly important in Costa Rica, where coronary artery disease is the main cause of death [9] . More than 40% of the schoolchildren had LDL cholesterol levels above 2.86 mmol/L. LDL cholesterol levels have been linked to early lesions of the aorta and coronary arteries [13] , and the measurement in young people is a powerful predictor of coronary artery disease in middle-aged people [6, 7] . The high prevalence of borderline and high levels of LDL cholesterol observed in this study suggests the progression of atherosclerosis and a greater risk of coronary artery disease. Stary has shown that coronary artery fatty streaks occur in more than half of children aged 10 to 14 years, and 8% have more advanced lesions [4, 5] .
Furthermore, over 60% of the children had HDL cholesterol levels below 1.17 mmol/L, and around 30% simultaneously had HDL cholesterol levels below 1.17 mmol/L and LDL cholesterol levels above 2.86 mmol/L. HDL cholesterol is strongly protective at high levels [14] , but low levels of this lipoprotein represent a marker for increased levels of atherogenic lipoproteins, such as very low density lipoprotein (VLDL), intermediate density lipoprotein (IDL), and small, dense LDL cholesterol [14, 15] . VLDL and IDL are atherogenic and cytotoxic [16, 17] , and the LDL subfractions are independently associated with increased coronary risk [18, 19] . They have been associated with a three times higher risk of myocardial infarction [18] . Also, low levels of HDL cholesterol in the presence of high levels of LDL cholesterol have been identified as an important risk factor for coronary artery disease [14] .
Around 30% of the children had triglyceride levels above 1.02 mmol/L together with HDL cholesterol levels below 1.17 mmol/L. This is alarming, because the combination of high triglyceride levels and low HDL cholesterol levels has been identified as an important indicator of high coronary risk [13, 15] . In addition, the high percentage of children (20%) with hypertriglyceridaemia (triglyceride levels above 1.47 mmol/L) is worrisome, because 50% of these children are considered at risk of overweight (BMI at least in the 85th percentile but below the 95th percentile). Overweight is the main risk factor for the development of insulin resistance [20] .
Cross-sectional and longitudinal data from the Bogalusa Heart Study revealed a positive correlation between various indices of obesity and serum VLDL cholesterol and LDL cholesterol, and showed a negative correlation with HDL cholesterol [21] . A similar relation between BMI and lipid levels was found in this study. This is important, since 30% of the children in this study were at risk of overweight. If the weight continues to increase, the risk of disorders in lipid and carbohydrate metabolism will also increase, together with the risk of coronary artery disease. Data from the National Health and Nutrition Examination Survey (NHANES) II and NHANES III and the Bogalusa Heart Study indicate a substantial increase in obesity but not in total energy intake among children. These results suggest that the increased prevalence of overweight in children is partly the result of increased leisure time spent in non-physical activities [22] . According to Gortmaker et al., more than 60% of the incidence of overweight in children aged 10 to 15 years can be attributed to television viewing [23] .
A decrease in television viewing time to the levels recommended by the American Academy of Pediatrics (no more than two hours per day) [24] could help prevent the increase in the prevalence of overweight in Costa Rican elementary schoolchildren and improve their lipid profiles. Multiple evidence suggests that exercise may favourably affect the levels of triglycerides, HDL cholesterol, apolipoprotein A, and apolipoprotein B and the size and density of HDL particles [25] [26] [27] . Given these facts, prompt attention to our results is required, because only 22% of the schoolchildren in this study follow this recommendation, indicating that most children are at a greater risk of becoming obese if they continue with the same pattern of physical activity. This problem is even more alarming in private schoolchildren, since more than 32% of them watch television for five or more hours per day (table 6) .
Changes in security, parental work habits, school schedules, and other cultural and environmental aspects may result in a further increase in the time spent watching television. It is important to promote lifestyle changes to reduce the time children spend watching television. Some studies have shown that television viewing is strongly related to the onset of new cases of obesity and to the lack of remission among obese children [28, 29] . This is important if we consider that our findings showed that BMI was the main predictor of triglyceride levels in children.
Overall, the average time spent in physical activity (approximately two hours a day) is adequate in both groups of children, considering that Pate et al. suggested that at least 30 minutes per day of moderate physical activity benefits health and fitness [30] . Nevertheless, more than 20% of the children reported that they did not engage in any physical activity during the week, and approximately 15% said they did it for less than one hour per day. This finding was more frequent among private schoolchildren (p = .000, table 6 ). The finding should be analysed closely to determine the factors that condition this behavioural pattern, since, at least theoretically, children in private schools have better access to recreational centres. However, in the Alameda County Study, Kaplan et al. found a monotonic inverse relation between the decline in leisure time physical activity and the level of either education or income [31] .
SES acts as a powerful influence on the adoption of food habits or behaviours, such as physical activity [32] . It has been proposed that more educated parents are better informed about proper health behaviours and adopt them [33] , which in turn influences their children's risk factor status. However, this cannot be generalized in Costa Rica, because no extensive local or national cardiovascular health promotion campaign has been implemented to improve the knowledge of risk-reduction factors. Instead, it has been observed that with increasing income decile in Costa Rican families, there is an increase in the consumption of saturated fats [34] .
People with higher incomes can spend a larger percentage of it on food [32] , but this does not imply healthier dietary choices. Private schoolchildren eat fruits and vegetables more frequently than public schoolchildren, which reflects a higher purchasing power, since they are more expensive [35, 36] . However, they also eat more junk foods and fast foods, which are rich in energy and saturated fats, and carbonated beverages, which contain large quantities of simple carbohydrates. Wolfe and Campbell demonstrated that children whose mothers were employed outside the home tended to eat a less diverse diet and consumed more snack foods than those with mothers at home [37] .
Private schoolchildren tend to be more sedentary and tend to have a more atherogenic diet than public schoolchildren. This explains, at least partially, why the lipid profile of these children is more adverse than that of public schoolchildren. These results do not coincide with the documented relationship between SES and coronary artery disease. An inverse relationship between educational level and cardiovascular disease risk factors has been fairly well established [38] . However, Kaplan and Keil, in a review of the literature on the association between SES and coronary artery disease, argued that the evidence for a relationship between cholesterol level and SES is not consistent. They indicated that this relation has to do mainly with hypertension, cigarette smoking, obesity, fibrinogen, and diabetes mellitus [32] . Given the high prevalence of children with an adverse lipid profile, primary prevention programmes are required to decrease the prevalence of cardiovascular risk factors and to improve food habits and the pattern of physical activity. These programmes should include the children's school and family environment, so that adults reinforce and promote knowledge, attitudes, and practices tending to decrease coronary artery disease risk factors. Parents and educators should be good models of healthy behaviour.
